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CIIUCOK COKpaIeHUiH

CIIUCOK COKPAIIIEHUM

KHJ — ko3¢ dunpeHT HanpaBiIeHHOTO 1eHCTBUS
KY — koadpdumment ycunenns

KMV — xoMMyTanioHHbIH y3en

HCM — HazemHbIe cCTEMBI MOHUTOPUHTA

I1K — nepcoHanbHbIN KOMIIBIOTED

CC — ceHCOpHBIE CETH

OAIIY — da3zoBast aBTOMOACTPONKA YACTOTHI

DTN - Delay Tolerant Network (cern, HedyBCTBHTENBHBIE K
3a/IepIKKaMm)

ACLK — Auxiliary Clock (BcrmomMorareiapbHOE TAKTHPOBaHUE)

ADC — Analog-to-Digital Converter (aHaaoro-ugpoBoi
npeoOpasosatens, ALIT);

DAC — Digital-to-Analog Converter (1iudppo-aHaTOTOBBIH
npeoOpazoBatens, LIAID);

DCO - Digitally Controlled Oscillator (ocuumisiTop ¢ g poBbIM
YIpaBICHUEM);

GIE — General Interrupt Enable (o01iee paspemenne npepbsiBaHmii);
ISR — Interrupt Service Routine (mpoueaypa 00pabOTKy pepbIBaHuUA);
LPM — Low-Power Mode (pexum MOHMKEHHOTO SHEPronoTpedIeH ),
MCLK — Master Clock (rmaBHOE TaKTHPOBaHUE);

NMI — Non-Maskable Interrupt (Hemackupyemoe npepbIBaHUE);

PC — Program Counter (rmporpaMMHBIi CUETYHK);

SFR — Special Function Register (peructp crenuaabHOr0 Ha3HaAuCHHS);
SMCLK — Sub-System Master Clock (moacucrema riaaBHOTO
TaKTHPOBAHUA);

SP — Stack Pointer (ykazareib creka);

SR — Status Register (peructp craryca);

WDT — Watchdog Timer (cTopoxeBoii TaiimMep)



Beenenue

BBEJAEHHME

MoruBanus. Texnonoruu 3eneHord UT-unxeHepun peanusyrorcs
B MHAYCTPUAIBHBIX CHUCTEMAaX, OCHOBAHHBIX HA HCIIONb30BAHUU
MUKPOKOHTPOJUIEPOB, CHCTEMax MOHUTOPUHTa M KOMMYHUKAIIHSIX,
0a3upyrONMMXCs HAa CEHCOPHBIX CETSIX W TPAJAUIMOHHBIX CETEBBIX
peLICHUSIX.

B uHaycTpUaJbHBIX CHUCTEMAaX MHKPOKOHTPOJUIEPHl BBINOIHSIOT
(YHKIIMM KOHTPOJISI M YIPABICHUS OOBEKTAMH Pa3IMYHON MPHPOJIBL.
Takue OOBEKTBI MOTYT OBITh SHEPrOYYBCTBUTENBHBIMH WU
SHEPTOKPUTHYHBIMH. B mI000M ciydae peamuzamusi pPEXUMOB
VOpaBJICHUST C MHHHMH3AIMEH »HEpro3arpar SIBISICTCS BaKHOU
IIpakTU4Yeckod  3agadyed. IIpy  3TOM  MUKpPOKOTpOJUIEPHI U
MUKPOKOHTPOJJIEPHBIE ~ CHCTEMBI ~ CaMH  SBISIOTCS  OOBEKTaMHU
SHEPTONTUMH3AINH B CIIy4ae, KOTJa OHU BCTPAMBAIOTCS B MOOWIBHBIE
W/WJTH aBTOHOMHBIE PEIICHUS.

Jis ceHCOpHBIX ceTell 3HeprocOepekeHue SBISETCS OJHUM W3
KITFOUEBBIX MTPUHIIUIIOB, TIOCKOJIBKY Y3Jbl TAKHX CHCTEM PabOTaIoT, KaK
MPaBUJIO, aBTOHOMHO M YYBCTBHUTEIBHBEI K SHEPTOEMKOCTH UCTOYHUKOB
MUTaHUS W K HMX OOCIY)KHBAaHUIO, CBSI3aHHOMY C 3aMEHOW HIIK
MOJB3APSAAKON 3TUX WCTOYHHWKOB. Takue mpoOiieMbl, B MOJIHOW Mepe,
KacaroTCs U CHCTEM MOHUTOPHHTA, MOCTPOSHHBIX C HCIIOJIH30BAHUEM
CEHCOPHBIX CETEBBIX TEXHOJOTHH, B YACTHOCTH, CHCTEM MOHHUTOPHHTA
JIECHBIX PECYPCOB.

He MeHee BaKHBI U MHTEPECHBI A7l TEOPUU U MPAKTUKHU BOMIPOCHI
obecnieueHuss 3HePro3GHEKTUBHOCTH KOMIIBIOTEPHBIX CETEH, KOTOpHIC
MOTYT TOJIEPUPOBATh 3aJEP:KKU B Iepenadye NaHHbIX. B aToM ciyuae
HEOOXOJMMO  HCKaTh KOMIPOMHCC  MEXIy OJHEPreTHYECKHUMH,
HaJISKHOCTHBEIMHU M BPEMEHHBIMHU XapaKTePHUCTUKAMH.

Yka3aHHbIC HAIIPABJICHUS MOTYT OBITh O0BEIMHEHBI B OJTHOM OJIOKE
npakthyeckux  3agad  3eiaeHo  UT-umxkenepuu. Ilpu  stom
COBpEMEHHOMY  HMH)XEHEpy H  HCCIEeIOBaTeNio B 00JacTH
WHGOPMAITMOHHBIX TEXHOJIOTMH Ba)XHO OBJIAZICTh METOAMKAMH U
CpPEeICTBAMH,  CIOCOOHBIMH  TIPOBOJUTH  HM3MEpPEHHUE,  aHAJIH3
SHEPronoTPeOIeHUs] MPOrPaMMHO-aNIAPATHBIX M CETEBBIX PEIICHUH,
OCYIIECTBIATH Pa3paboTKy M KOHPUTypHUpoBaHUe dHEProdpPpekTHBHBIX
CHCTEM U CETEM.
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Henp u cTpyKTypa TpeHUHT-Kypca. B mocoOum W3I0XKEHBI
Mmatepuaibl TpeHUHr-kypca LLL2 "Techniques and Tools for Green
Industry Systems and Networks", pa3paboTaHHOTO JUIsi MarCTPAHTOB,
acIMpaHTOB M WHXEHepoB B pamkax mpoekta TEMPUS «Green
Computing & Communication» (530270-TEMPUS-1-2012-1-UK-
TEMPUS-JPCR).

Kypc ©Oasmpyercss Ha METOAMYECKHX W HHCTPYMEHTAIBHBIX
CpelICTBaX, HANpABJICHHBIX HAa OBJA/IEHHUE MPAKTUIECKIMH HaBBIKAMHU
pa3paboTKu u HCCIIEIOBaHUSA 9Hepro3 ek THBHBIX
MUKPOKOHTPOJIJIEPHBIX CHUCTEM, CEHCOPHBIX CeTel, a TakXke ceTeH,
TonepalTHBEIX K 3agepxkam (Delay Tolerant Network). Kypc coctout
U3 YETBHIPEX MOJyJIeH, KOTOPBIM COOTBETCTBYIOT Pa3JIeNibl TOCOOUS.

IIepBblil M3 HHMX MHOCBSIIEH BOIPOCAM OLIEHUBAaHMsS, aHAIU3A U
yIpaBIeHHs YHEProMOTPEOICHIEM CEHCOPHBIX CeTel, B YaCTHOCTH, MX
y3710B. TpeHUHr 53TOH dYacTH Kypca HAampaBieH Ha IOJy4YCHUE
MPaKTUIECKUX HaBBIKOB UCTIOJIb30BaHHUS COOTBETCTBYIOIINX
WHCTPYMEHTAIBHBIX CPEJICTB, BHIOOPA HACTPOEK H T.J.

Bo BTOpoM pa3mene ocBemeHB METOAMKH pPa3pabdOTKH CHCTEM
MOHUTOPHUHTA C WCIIOJIb30BaHUEM 3JHEProd((EeKTUBHBIX CEHCOPHBIX
TexHoJorni. IIpM 3TOM ONHCHIBAIOTCS AITOPUTMBI  PabOTBI  C
pEABHBIMH CPEJICTBAMHE MTPOSKTUPOBAHUS TAKUX CUCTEM.

Tpernii paznen Oazupyercss Ha NMPaKTUKyMaX, HalpaBJICHHBIX Ha
MOJy4eHUEe HAaBBIKOB pacdeTa W BbIOOpa XapaKTEepUCTHK CeTeH,
TOJIEPAHTHBIX K 3aJIepKKaM.

B uerBeproM pasnmene ONMUCHIBAIOTCS METOMUKH W CPEICTBa,
TTO3BOJISIOLIHE MUHUMH3UPOBATh 9HepronoTpedIeHne
WHJIyCTPUAIBHOW MHUKPOKOHTPOJUIEPHOH CHUCTEMBbI yINpaBlieHHS U
pa3paboTath 3eJeHOe MPOorpaMMHOE 00eCIIeYeHre ISl TAKOW CHCTEMBI.

st Bcex MoyIiei Kypca MpeACTaBICHO OMUCaHUe JIa00paTOPHBIX
paboT W TPEHHWHTOB, KOTOPBIC BBHIMOJNHSIOTCS C HCIOJIBL30BAHUEM
npeasiaraeMbIX — HPOrpaMMHO-aNNapaTHeIX —cpeldcTB. K - kaxaomy
3aHATHIO TPEHUHI-Kypca JaHbl KOHTPOJIbHBIE BOIPOCH M 3aJaHusl,
MIPEJICTABIIEH CIIICOK PEKOMEHIYEeMOM JINTEPATYPHI.

B npunoxxenun npuBeaeHa yueOHas nporpamma Kypea.

ABTOpCKHU# KoJuIeKTHB. [locoOKe MOAroTOBICHO COTPYIHUKAMH
U CcOMCKAaTelssMH Kadeapbl KOMIBIOTEPHBIX CHCTEM U CETel
HanuonansHoro  aspokocmuueckoro  yHuBepcutera um. H.E.
Kykosckoro "XAWN" k.1.H., gouentom IlnaxteeBbim A.Il., M.H.C.
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Baaropapuoctu. ABTOpBI BBIPAKAIOT Onaro1apHOCTh
pelieH3eHTaM, KOJuleraM TI0 TIPOEKTYy, COTpyIHUKaM Kadeap
YHUBEPCUTETOB, aKaJIEMUYECKUX HWHCTUTYTOB W HWHIYCTPHAIBHBIX
NapTHEPOB 3a UEHHYK HH(POPMALUIO, METOJUYECKYI0 MOMOIIL H
KOHCTPYKTHBHBIE TIPEIIOKEHUS, KOTOPhIE BHICKA3bIBAIUCH B MPOIIECCE
00CyXIeHMsI POTPaMMBI Kypca U MaTepHalioB TIOCOOUSI.
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Buknaneno matepianun TpeHinr-kypcy LLL2 "Techniques and
Tools for Green Industry Systems and Networks", po3pobienoro B
pamkax npoekty TEMPUS «Green Computing & Communication»
(530270-TEMPUS-1-2012-1-UK-TEMPUS-JPCR).

Kypc 6a3yerbcsi Ha METOOMYHUX Ta IHCTPYMEHTAIBHUX 3aco0ax,
NPU3HAYEHUX ISl OBOJIOAIHHS MPAKTUYHUMHI HABUYKAMH PO3POOICHHS
Ta JOCITIDKEHHS eHeproeeKTHBHUX MiKPOKOHTPOJIEPHUX CHCTEM,
CEHCOPHHX MEPEX, a TAKOXK MEPEeXk, ToJepaHTHUX 110 3aTpuMok (Delay
Tolerant Network). Hagano ommc nmaGopatopHuX poOiT i TpeHiHTIB, sKi
BUKOHYIOTBCSI 3 BHKOPHCTaHHSIM CIeEIialbHUX MPOTrpaMHO-alapaTHUX
3aco0iB.

Jus  imkeHepiB, sKi  3aiiMarOThCA  pPO3POOJIEHHSM  Ta
BIIPOBAKCHHSIM €HEeproe(peKTUBHIX MIKpPOIPOIIECOPHUX CHUCTEM 1
CCHCOpPHUX Ta TJIOOATBPHUX MEpekK, MaricTpiB 1 acmipaHTiB
YHIBEPCHUTETIB, SKI HaBYAIOTHCS 3a HANpsSMaMH KOMITTOTEPHUX Hayk,
KOMITIOTEpPHOI ~Ta TPOrpaMHOi  iH)KeHepil, Npu BHUBYCHHI Ta
JIOCITIPKEHHI METO/IB 1 3ac00iB 3eneHol [ T-inxeHepii.

bu6in. — 50 naumeHoBaHMi, pucyHkoB — 64, Tadbmui — 20.
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Abstract

ABSTRACT

Green sensor networks and microcontroller systems. Methods
and means research and development. Training. / Kovalenko A.A.,
Lukashenko V.V., Plakhteev A.P., Plakhteev P.A., Orekhov A.A.,
Kharchenko V.S., Shamraev A.A., Shamraeva O.0. / Kharchenko V.
(edit.). — Department of Education and Science of Ukraine, National
Aerospace University named after N. Zhukovsky “KhAI”, Kharkiv. —
2016. — 158p.

Practical materials of study training course LLL2 "Techniques and
Tools for Green Industry Systems and Networks" are expounded in this
training textbook prepared for PhD-students within the framework of
project TEMPUS-GREENCO «Green Computing & Communications»
(530270-TEMPUS-1-2012-1-UK-TEMPUS-JPCR).

The course focuses on the getting of skills on practical application
of techniques and tools to develop and implement energy-efficient
sensor networks, monitoring and industrial microcontroller systems,
and so-called delay tolerant networks, and learning of algorithms and
technologies of calculation and choice of characteristics for such
systems and networks. Course curriculum, description of seminars,
practical trainings and methodical recommendations for self-sufficient
study are given.

The book is intended for engineers developing and implementing
energy-efficient networks and microcontroller systems, master and PhD
students learning computer sciences, computer and software
engineering, and techniques and tools of green IT engineering.

Ref. — 50 items, figures — 61, tables — 20.
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INPUJIIOKEHHUE A
CreHa M IporpaMma JUIsi HccleJOBAHUS PeKUMOB
JHeprocoepekeHHs1 MUKPOKOHTpoJiepa ATmega328 B Arduino
Mini - Blink_Mini_sleep_Serial.ino

B cocraBe crerma (puc. IIA.la) MUKPOKOHTpOIIEp CBSI3aH C
ceeroauonamu D1(BeiBox D13) u D2(BeiBog LIMM D5), xHOTKOI
MPOOYKACHUS WAKEUP (BeiBom mnpepeiBanusaD3/ INTI1),
TIepEMBIUKON pa3pemreHus mepexona B pexkum cHa ENINTI1(BvIBox
D4) a Beixon mepematunka UART ( D1/TXD) cBsizan ¢ BXoaoM
TEepMHUHANA, OTOOPaKAIOUIETO IepeJaBacMble MHKPOKOHTPOJIEPOM
coobmenus (puc. [1A.1 6).

B aktuBHOM pexxume (RUN MODE) MUKpOKOHTpOJIIEp Kaxable
500 mc wum3mensier mapamerp IIMM Ha Beixogme D5 u sipxocTh
cBeueHusl ceeronuoaa D2, mepekimtoyaeT coctosiHMe cBeroauona D1
CUrHaJIOM Ha Bbixoge DI13 u  oTmpaBisieT MO acHHXPOHHOMY
unrepdeiicy (D1/TXD )coobmiennst o Tekymem cocTosHuH. Yepes
JBa TONHBIX HukiIa u3MmeHenus MM 1..128 wmukpokoHTpoIep
nepexoauT B 3aaaHHbIi pexkxuM cHa (SLEEP MODE), ecnu pa3okHyTa
nepeMbIuka paspenienus nepexoaa B pexkuM cHa ENINT1(Ha BeiBoze
D4 «1»). Eciu na BeiBome D4 «0» mepexoma B peXUM CHA HeE
MPOUCXOJNUT, a IMPOAOJDKAIOTCS LHMKIBl YHPABICHUS Harpy3KamH.
Brixon u3 pexuma cHa MPOMCXOJUT NMPH MOCTYIUIEHHH YpOBHS «0»
curHana mpepsiBaHust ot kHomku WAKEUP wmm mpum  cOpoce
MUKpoKOoHTposiepa (uenb cOpoca RESET/PC6 nHa cxeme He
ITOKa3aHa).
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pazpabotku  Arduino. IIporpamma MOXET WCHOIL30BaThCI B 6
BapHaHTaxX B 3aBUCHMOCTH OT BBIOPAaHHOTO peXHUMA cHa
MUKPOKOHTPOJIIEPA:

set_sleep mode(SLEEP_ MODE xxx);

B mporpamme wmcmonb3ytoTcss Ombmmorekm  avr/interrupt.h,
avr/power.h  u avr/sleep.h, KkoTopple pasMemiaroTcs B TIaIKe:
path_to_arduino \arduino-xxx\hardware\tools\avr\avr\include\avr\ .

/*
Blink
Turns on an LED on for one second, then off for one second,
repeatedly.
This example code is in the public domain.
*/
#include <avr/interrupt.h>
#include <avr/power.h>
#include <avr/sleep.h>
#include <avr/io.h>

// Pin 13 has an LED connected on most Arduino boards.
// give it a name:

int led = 13;
int extl = 3; // must INT1
int pwm = 5;

int En_extl =4;
int val = 1, count=0;

// the setup routine runs once when you press reset:
void setup() {
// initialize the digital pin as an output.
pinMode(led, OUTPUT);
pinMode(1,0UTPUT);
pinMode(En_ext1,INPUT);
digitalWrite(En_ext1, HIGH);
digitalWrite(1, HIGH);
pinMode(pwm, OUTPUT);
digitalWrite(extl, HIGH); //nnst padotel INT1 moarsiruBaeM K
" 1 "
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Serial.begin(9600);
Serial.println("RUN mode");

}

// the loop routine runs over and over again forever:
void loop() {
digitalWrite(led, HIGH); // turn the LED on (HIGH is the
voltage level)

analogWrite(pwm,val);

Serial.print(count);

Serial.print(")");

Serial.println(val);

val = val<<1;

if(val>255) val=1;

delay(500); // wait for a second

digitalWrite(led, LOW);  // turn the LED off by making the

voltage LOW

delay(500); // wait for a second

count++;

if(digitalRead(En_extl)==1) {
if(count>15){ //mocne 16 MHUKIOB Mepexoa B COH
count=0;
digitalWrite(led, LOW); //led=0 - off
digital Write(pwm,LOW ); // PWM -off
Serial.printin("SLEEP mode");
delay(100);
sleepNow(); // mepexo B COH
Serial.printin("RUN mode");

h
H
H
//
void sleepNow(void)
{

// Set pin 2 as interrupt and attach handler:
attachlnterrupt(1, pinlnterrupt, LOW);

//

// Choose our preferred sleep mode:
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//set_sleep_mode(SLEEP_ MODE IDLE); //least power
savings

//set_sleep_mode(SLEEP. MODE ADC);

//set_sleep_mode(SLEEP_ MODE PWR_SAVE);

//set_sleep_mode(SLEEP_ MODE STANDBY);

set_sleep_ mode(SLEEP MODE PWR_DOWN); //most
power savings

/Iset_sleep_mode(SLEEP_ MODE EXT STANDBY);

//

sleep_enable(); //paspenienue pexuma cHa

//

// Put the device to sleep:

sleep_mode(); //con ¢ mpoby:xiennem mo INT 1=ext1=0

//

/' Upon waking up, sketch continues from this point.

sleep_disable(); // 3amper pexxnma cHa

}

void pinlnterrupt(void)

{

detachlnterrupt(1); //3amper mnpepsiBaHus Ha 16 IUKJIOB
nepexioueHuss LED

}
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CTeH 1 MporpamMma /Uil MccjieJOBAHUA YIPaBJIeHUs] TAKTOBOM

INPUJIOKEHHUE b

4acToTOi MUKpPOKOHTpoiepa LPC2134

Hapsiny ¢ ¢u3MyeckuMm CTEHIOM - OTJQJOYHON IUTaTOW NS
koHTpoiepa LPC2134, MmoxxHO HcIoNb30BaTh puMep u3 Proteus 8.3
(LPC2138 Playing Music) B kadecTBe BHPTyadbHOTO CTeHOa (puc.
[1b.1a ). [Jnst 3TOro HEOOXOAUMO CBSA3aTh MOJACIH MUKPOKOHTPOJLIEpA
C 3arpy304HbM ¢ailioM TporpaMMbl TIPUBEACHHOW HIDKE (pHC.

I1B.16).

LPC2138 Playing Music

SeHelleldhaldelel- -]

+§
T R
ey

i

|abcenter AAA .....m._| LPC2138 Playing Music
a) [

]ARMTAImEl.

6)

== Edit Component

Pon fmarce b (]
Partialue: LPC2138 Hicdere [
St =
LIS bodel File: I |[Higean T~ | | [Edi Fimware |
Framems WIA JUNKAE sedled 3 _var hex ] [Hide sl [—]Ean -
Clock Frequency: 14.7456MHz Hide &Il -

PCE Packags |S0FPE4-77 [ [Hide &

Dther Propeties

[[J Exclude fram Simulation [ Attach hisrarchy moduls

[ E scade from PCB Lapout

[JE ke from Bill of Materials [ Ecit all propetties as test

Puc. I1b.1. BuptyanbHblii cTeH] (a) U HACTPOHKa
MHUKPOKOHTpoIuiepa (0)
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Ortor (¢ain wuMmeer pacmmperne *.hex © TeHepupyeTcs
KOMITMJISITOPOM. Heob6xonumo TaKxe yKa3aTb 4acToTy
CHUHXPOHHU3aLMU MUKpOKOHTpoJuiepa — 14.7456 MI'L.

Ha Beixome P0.31 dopmupyercs meanap, HepHoOA KOTOPOTO
COCTaBISICT (PUKCHPOBAHHOE YHCIO TakToB. Yepe3d 10 uMITyIbCOB
4acTOTa W3MEHSETCSl M, COOTBETCTBEHHO, M3MEHSCTCA YacToTa
meannpa (puc. I16.2). Beixog P0.31 B ornamouyHo#l miare cBsi3aH C
[I0JIb30BATEJILCKUM ~ CBETOAMONOM, UTO IIO3BOJSIET HAOI0JaTh
N3MEHEHUE YacTOThI U IOIYyYUTh OCLMIIJIONPAMMBI.

L1

62
1] ATAL PO.0/TDOPMAT
T KTALZ FO.1/R=DOSFZEINTO
3 PD.2rSCLOACAPDD
5 | RTAC1 PO.3/SDADMATOEINT 1
RTXCZ PO.4¢5CHDVCAPD AADOG
P05/ | S 00MAATO. 144007

RET POLG/M DS I0/CAPD 200
F0.7/55ELOFIRZEINTZ

FO0LSTHD AL,
P0.3/FD1/PIREEINTS
FO.AD/RTS1/GAP i1 2
P0.11/0 T $1CAF ASCL
FO.12/DSR1MATIVADTS

FO.13/D TRAMATL 14014

FO. /D EDA/EINTASDAT
POLASRI/EINT2AD15

FO.1S/EINTOMATO ZCAFD 2
PO AZICAP1 2SCKIMAT1Z
PO ASMCAP 1 2IS01MAT 12
PO 19/ AT 1 2MA0SHICAP1 2
PO 20/MAAT 1 2SSELTEINTS
FO.Z1/PUSMSIADT RCAF1S

FO-220ADA.TICAROD, ‘ng’g Digital Oscilloscope

PO 26/A004A0UT
FO.26/A005

PO .27 PADD DCAPD AMATO. A
POD.22/A00.1/CAPOZAMATO 2
PO 290400 2CAPOEMATO S
FO.30/AD0 S EINTHCAFDD

wDDas P03
iy P16/ TRACERKTD
ag PAATITRACEPKT1
WBAT P1.18/TRACEFKTZ
- P18/ TRACEPKTS
- VREF P1.20¢TRACESTNG
S vaa P4.21/FIPESTATD
a3 w3 P11 22PIPESTATY
o Ve F1.23FIPESTATZ
V3 PA.24/T RACECLK
- P1.25/EXTIND
2o vssa P1.26RTCK
22| VS5 F1.27/T00
o ss F1.25/TDI
] ves P4.2TCK
— | vss P1EWTMS
=S PA.2ATRET
_l LPCZ13

Puc. I1b.2 MoaennpoBanue ynpaBieHHs TAKTOBOH YaCTOTON
MHUKPOKOHTPOJIJIEPA CO CKOPOCTHIO TOPU30HTAIILHOM Pa3BePTKH 5
MC/IIeNl ¥ (pparMeHT s IETANBHOTO aHau3a ¢ 1 mMc/mer.
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Curman ¢ P0.31 pgy6mupyercs wHa P0O.7, x xKOoTOpOMy B
BUPTYaJbHOM CTEHJIC MOJKIIOUEH H3ITydaTeldb. OTO TO3BOJIIET B
BUPTYaJbHOM CTEHJE IMOJYYUTh HM3MEHEHHE YacTOTHl 3BYKa NpHU
MepecTporiKe TAKTOBOW YaCTOTHI MUKPOKOHTPOJIIEpa.

[IpuBeneHHas HUXE MporpaMMa He TpeOyeT BCIIOMOTraTelbHBIX
OoubroTedHbIX (haiioB, a MCHONB3YeT cTaHAapTHBIE cpernctBa AR
Embedded Workbench ARM c¢ pabouum mnpocTpaHCTBOM IO
YMOJTYaHUI0. B mamMsaTh MUKPOKOHTpOJIIEpA 3arpyskaercs ¢aitn *.hex.

...\JAR ARM_630\arm\examples\NXP\LPC213x\[AR-P213x
/* */

#include <iolpc2134.h>
#define PLOCK 0x0400

void CPU_F(void);
unsigned int MSEL val=0,PSEL val=3,i,PLL val=0;
long int del;

int main (void)

PLLCFG bitMSEL=0; PLLCFG_bit.PSEL=3; /114,745
CPU _F(0,5);

CPU_F();

VPBDIV bit.VPBDIV=1; //0=cclk/4; 1 = cclk/1; 2 = cclk/2;

I0O0DIR=0x80000080; // P0.31 - output

while (1) // Huxn

for(i=20;i>0;i--) //20 IMIYTBCOB OJTHOM YaCTOTHI
{
IOOSET bit.P0 31=1; // LED OFF; P0.31=1
IOOSET bit.P0_7=1; // BUZ OFF; P0.7=1
del=1000; while (--del!=0);
IO0CLR bit.PO_31=1; // LED_ON; P0.31=0
IOOCLR bit.PO_7=1; // BUZ ON; P0.7=0
del=1000; while (--del!=0);
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switch (PLL_val) // m3menenne MSEL, PSEL
{
case 0: PLLCFG_ bitMSEL=0; PLLCFG_bit.PSEL=3;
break; /14,745 CPU_F(0,3);
case 1: PLLCFG bit.MSEL=1; PLLCFG_bit.PSEL=2;
break; /29,491 CPU_F(1,2);
case 2: PLLCFG_ bitMSEL=2; PLLCFG_bit.PSEL=1;
break; /44,237 CPU_F(2,1);
case 3: PLLCFG bitMSEL=3; PLLCFG bit.PSEL=1;
break; //58,982 CPU_F(3,1);
default: PLLCFG_bit. MSEL=0; PLLCFG_bit.PSEL=3;
PLL val=0; break;
/114,745 CPU_F(0,3);

}/switch
CPU_F(); // YctaHOBKa 9aCcTOTHI
PLL val++;
}//while
}
void CPU_F(void) // ®yHKIHS yCTaHOBKH YaCTOTHI
{
PLLCON bit.PLLE=1; // Enable the PLL

PLLFEED=0xAA;

PLLFEED=0x55;

while(!(PLLSTAT & PLOCK)); // Wait for PLL to lock
PLLCON_bit.PLLC=1; // Enable out PLL
PLLFEED=0xAA;

PLLFEED=0x55;
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ITPNJIOKEHHUE B. YYHEBHAS ITPOT'PAMMA
DESCRIPTION OF THE COURSE

TITLE OF THE COURSE Code
LLL2. Techniques and Tools for Green Industry
Systems and Networks
Teacher(s) Department
Coordinating: Prof. Kharchenko V. S. Computer Systems and
Others: Dr. Kovalenko A.A., Dr Networks, National

Lukashenko V.V., Dr Plakhteev A.P.,

Aerospace University

Plakhteev P.A., Prof Orekhov A.A., Dr KhAI
Shamraev A.A., Dr Shamraeva E.O.
Study cycle Level of the Type of the
module module
Engineer A Full-time tuition
Form of Duration Language(s)
delivery
Full-time tuition One semester English
Prerequisites |
Prerequisites: Computer Systems and System | Co-requisites
Analysis; Advanced Processor and Microcontroller | (if necessary):
Architectures, Sensor and Global Networks, | no
Probability Theory and Theory of Experiments. Skills
in Hardware Designing, Computer Software for
Modeling.
Credits of the | Total student | Contact hours Individual
module workload work hours
3 120 54 66

Aim of the module (course unit): competences foreseen by the

study programme

The aim of course is, firstly, to get skills on practical application of
techniques and tools to develop and implement energy-efficient sensor
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networks, monitoring and industrial microcontroller systems, and so-
called delay tolerant networks, and secondly, to study algorithms and
technologies of calculation and choice of characteristics for such

systems and networks.

Learning outcomes of Teaching/learning Assessment
module (course unit) methods methods
At the end of course, the
successful student will be
able:
1) to make decisions related
to power  consumption
management and decreasing | Interactive lectures, Module
for sensor network | Trainings, Evaluation
microcontroller nodes; to | Just-in-Time Teaching | Questionnaire
apply techniques and tools to
develop and implement
energy-efficient sensor
networks  for  different
domains;
2) to apply techniques and
tools to develop and | Interactive lectures, Module
implement energy-efficient | Trainings, Evaluation
sensor networks for different | Just-in-Time Teaching | Questionnaire
domains;
lcul h :
3) to calculate and researc Interactive lectures, Module
performance and energy L . .
. o Training and seminars, | Evaluation
consumption characteristics = . . .
Just-in-Time Teaching | Questionnaire
for delay tolerant networks;
. I ive 1
4) to develop and implement nte'ra.ctlve ectures, Module
. .+ | Trainings and .
software for green industrial . Evaluation
. seminars, ) .
microcontroller systems. Questionnaire

Just-in-Time Teaching
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Contact work

Time and tasks
for individual

hours work
o
5
Themes % I
w VRS - )
g g % | & 2| Tasks
g ¥ gd e =
A48 895 248 3
8939 8 g 89 ° =
S 285 849w =
5489949 E =
— O v A ] —
1 Sensor Node Network 4 8 112 1.6 .
Power Consumption 2 Toolkit
Management fo.r
1.1 Means power microcon
consumption decreasing for troller
microcontroller nodes of LPC2134
sensor networks NXP
1.2 Power consumption
management of 8-bit
microcontrollers AVR family
ATmega
1.3 Toolkit for microcont-
roller ATmega328P
1.4 Clocking management of
32-bit ARM microcontroller
LPC2134
1.5 Power consumption
management LPC2134
2. Development of Energy | 4 8 112 |24
Efficient Sensor Networks 2 Techni-
for Monitoring Systems ques,
2.1 Application of sensor a.lio- ]
networks in monitoring nithms o
systems cnergy

144




[Npunoxxenue B. YueOHast mporpamma

2.2. Development technique efficient
of energy efficient sensor coverage
networks for forest by
monitoring system sensors
2.3 Development of sensor for
network using tool «Test monito-
Polygony ring
system
3. Research of Delay 18 34.
Tolerant Networks Energy 0 Tenden-
Efficiency cies of
3.1. Technology of delay develop-
tolerant networks ment of
3.2. Calculation of networks
information and energy tolerating
resources characteristics for delays
delay tolerant networks and
3.3 Modeling of delay tolerant energy
networks I%mita-
tions
4. Development 0f Software 1112 |4.5.
for  Industrial  Energy 2 Techniqu
Efficient Microcontroller es for
Systems selection
4.1 Microcontroller of setting
MSP430F1611 based for green
platforms for green software MC
development software
4.2 Principles of data develop-
transmission program control ment

on application of interface
12C in energy efficient
microcontroller systems
4.3. Software development
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for green microcontroller
systems of data collection and
processing

4.4 Technique of software
development for autonomous

and embedded energy
efficient microcontroller
systems
Total |16 4 26| |46 44
Wei
Assessment ght | Dead et
x : Assessment criteria
strategy in lines
%
Lecture activity, | 10 7,14 | 85% — 100% Outstanding work,
including showing a full grasp of all the
fulfilling special questions answered.
self-tasks

70% — 84% Perfect or near perfect
answers to a high proportion of the
questions answered. There should be
a thorough wunderstanding and
appreciation of the material.

60% 69% A very good
knowledge of much of the important
material, possibly excellent in
places, but with a limited account of
some significant topics.

50% — 59% There should be a good
grasp of several important topics,
but with only a limited
understanding or ability in places.
There may be significant omissions.
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45% — 49% Students will show
some relevant knowledge of some of
the issues involved, but with a good
grasp of only a minority of the
material. Some topics may be
answered well, but others will be
either omitted or incorrect.

40% — 44% There should be some
work of some merit. There may be a
few topics answered partly or there
may be scattered or perfunctory
knowledge across a larger range.

20% — 39% There should be
substantial ~ deficiencies, or no
answers, across large parts of the
topics set, but with a little relevant
and correct material in places.

0% — 19% Very little or nothing
that is correct and relevant.

Training,
seminars,
practicum

30

7,14

85% — 100% An outstanding piece
of work, superbly organised and
presented, excellent achievement of
the objectives and evidences.

70% — 84% Students will show a
thorough understanding and
appreciation of the  material,
producing work without significant
error or omission. Objectives
achieved well. Excellent
organisation and presentation.

60% — 69% Students will show a
clear understanding of the issues
involved and the work should be
well written and well organised.
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Good work towards the objectives.

The exercise should show evidence
that the student has thought about
the topic and has not simply
reproduced standard solutions or
arguments.

50% — 59% The work should show
evidence that the student has a
reasonable understanding of the
basic material. There may be some
signs of weakness, but overall the
grasp of the topic should be sound.
The presentation and organisation
should be reasonably clear, and the
objectives should at least be partially
achieved.

45% — 49% Students will show
some appreciation of the issues
involved. The exercise will indicate
a basic understanding of the topic,
but will not have gone beyond this,
and there may well be signs of
confusion about more complex
material. There should be fair work
towards the laboratory work
objectives.

40% — 44% There should be some
work towards the laboratory work
objectives, but significant issues are
likely to be neglected, and there will
be little or no appreciation of the
complexity of the problem.

20% — 39% The work may contain
some correct and relevant material,
but most issues are neglected or are
covered incorrectly. There should be
some signs of appreciation of the
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laboratory work requirements.

0% — 19% Very little or nothing
that is correct and relevant and no
real appreciation of the laboratory
work requirements.
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Evaluation percentage of correct answers to the
Quest test questions.
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